Abstract. The European project IND11 "Metrology to Assess the Durability and Function of Engineered Surfaces" (MADES), piloted by NPL, aims to increase the efficiency and utilization of engineered surfaces by studying wear phenomena. This is to increase the competitiveness of the industry, reducing costs on the one hand, and secondly the impact on the environment. In this context, the joint research laboratory (LNE-CNAM) characterizes the surface and contamination of different materials have undergone wear using an optical roughness-meter and a thermal desorption mass spectrometry device.
Introduction
The European project IND11 "Metrology to Assess the Durability and Function of Engineered Surfaces" (MADES) is aimed at providing improved metrology to assess engineered surfaces and facilitate the use of surface engineering. This should lead to major increases in the efficiency of motor vehicle transport, thereby reducing environmental impact. Overall, the work should increase the competitiveness of European industry. At present, the assessment of an engineered surface is currently largely empirical. Any step change improvements in performance will require the development of sound metrology for surface characterization.
The work of the project will provide the necessary innovative metrology to underpin and enable the development of future products across the European industry portfolio. The project is composed of eight work packages (WP) including Impact (WP 7) and This paper will outline the objectives and motivations of the project and discuss specifically the work carried out by the CNAM group (Laboratoire commun de métrologie LNE-CNAM) on work packages 2 and 5.
Assessment of wear

Presentation of the WP 2
The work on the assessment of wear (WP 2) deals with the development of measurement methods on samples that have been subjected to wear so that the volume of wear can be determined. In particular in the task 2.2., CNAM (in collaboration with PTB) is in charge of the validation of an optical non-tactile roughness measurement technique for the characterization of damaged surfaces [1] , [2] , [3] .
Presentation of the optical roughness meter
CNAM performs these measurements using its optical roughness-meter [4] , [5] . This is based (see Figure 1 ) on the angular distribution of scattered laser light [6] , [7] , [8] , whereby roughness (rms height and correlation length) is determined from the power spectral density (PSD) of the surface asperities. The device mainly consists of a monochromatic ppolarized laser source at 635 nm, an optical arrangement (collimation and filtering system), a motion-controlled sample holder, a detector on a movable arm and a photomultiplier tube. In a first step, in order to provide information about the homogeneity of the surface, a scattered light map for a given scattering angle is plotted. This consists in setting to a fixed value, translating the plate along the directions over a given area and measuring the scattered light intensity for each scanned site. Using this map, interesting sites are selected for further investigation by PSD measurements. Compared to others methods, this device is relatively fast. Indeed, it takes about 3 min to measure the angular distribution of the scattered light for a given site on a sample and about 30 min for a scattered light map on 1 mm² with steps of 25 µm.
Characterization of wear tracks on 100Cr6 steel sample
The surface studied in this work was made from hardened and tempered 100Cr6 steel (supplied by BAM) as bearing steel, and finished in a two-step finishing process. It is an uncoated plane disk (Figure 2 .a) used in SRV ® test equipment. It was subjected to a lubricated tribological test in a reciprocating sliding tribometer: a polished 100Cr6H ball of 5 mm diameter oscillated against the disc during 150 000 cycles under respectively 300 and 30 N loads at a 50 Hz frequency [3] , resulting in resp. 2.6 mm by 1 mm and 5 mm by 0.3 mm wear tracks (Figure 2.b) . In these roughness spectra, worn and unworn area are clearly identified for the all spatial frequencies available on optical measurements.
Measurement of interface chemistry
Presentation of the WP 5
The work on the measurement of interface chemistry (WP5) is aimed at the development of methods to characterize the chemical changes that have occurred at the worn surface on the scale of a few millimeters. Two methods are being compared: Raman spectroscopy (BAM, NPL), and Thermal Desorption mass Spectrometry (TDS) by CNAM. Samples have been assessed using a TDS device on worn and unworn surfaces.
Presentation of TDS apparatus
The basic principle is to induce desorption of physisorbed molecules on a surface by heating it under low pressure. By performing this thermodesorption under vacuum, it is simple to analyze desorbed molecules using a mass spectrometer. Temperature Programmed Desorption (TPD) is used because of its easiest implementation: a regulated temperature ramp allows to follow the partial pressure (or intensity) of desorbed molecules and determine kinetic and thermodynamic parameters during a desorption [9] .
The experimental device [10] [11] (Figure 4) is mainly composed of three main parts: an analysis chamber high resolution quadruple mass spectrometer, a load-lock system and a glove-box for the transfer of sample under inert gas. 
Example of results
In the same way as presented in WP 2 section, a 100Cr6 sample ref. cd-401 ( Figure 5 .a) has been run against a polished 100Cr6H ball during 150 000 cycles under 300 N at a 50 Hz frequency. In order to be able to detect contamination, height wear tracks have been processed on a sample (Figure 5.b) . Another sample without track is used as reference. Before the study, samples have been cleaned by a thermal desorption in vacuum at 600°C during 2 hours in order to desorb oil used during tribological tests. Then after a twoweek exposition to air lab, reference and damaged samples have been successively analyzed by thermal desorption using this same optimized experimental protocol:
-Ramp temperature: 15 °C/min ; -Maximum temperature: 600 °C ; -Time of thermal desorption: 2 hours. 
Conclusion
For WP 2, using an optical roughness-meter, worn and unworn areas of a 100Cr6 sample have been characterized. Clear different between these areas have been observed in terms of roughness. However, to understand better wear processes, further studies are in progress using a sample with a given contact ball force and different cycles (50 000 to 200 000) of wear and a sample with a given cycle and different contact force (10 N to 50 N).
For WP 5 and especially for contamination analysis on worn area using TDS device, an optimized experimental protocol (choice of ramp temperature, choice of the maximum temperature…) has been optimized. Results would appear to show few differences between worn and unworn areas in terms of contamination especially for the case of water. The influence of the environment such as the effect of humidity, and the effect of cleaning on the chemical species at the wear contact will also be evaluated. An optimized measurement procedure will be developed with quantified measurement uncertainties and that is validated by comparison to other measurement methods.
